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TATTOAL ADVICSORY COMMITTEE FOP JNXCUATOTOC.

TECENICAL NOTE NO. &2

THE CSHUICE OF TYE SPRERD OF AN ALIPSBHAIP.

By iax M. lMunk.

Surerioz ravigation can increase corsideraly the range of
an eirsihip and improve its economy. One of <ie most important
nrotlems of navigation is the question, wkich spesd to choose at
svery moment and in which direction to stszr the airship. The
answver depends on many considerations, but for usual conditions
1V 1s pessidle to give some fairly simple rules which may ve of
advantage 1I reasonably apvplied.

1t i1s desirable first of all to keer always thkat absolute
course with respmect to the earth's suriece which gives the shori-
23t absclute distance between starting roint and cestination of
the vovage, whatever the strength and *he direction of tha wind
may ©e. This is impossible of course in the rare cases that the
side wind =2xceeds the greaitest speed of the airship; arnd, if the
scertrary wind is strong encugh it may hapren that the navigator is
abls to hold the airsiip on her course, but that it is driven back-
wards. Under ordinary conditions, however, the airsiuip cught to
h

we able to keep her course and to advarce in it. g prath rela-

-

tive to the wind is then the reliative rath of shortest distancsa,
under the rcondition that the wind is constant during the entire

T o

voyage, and hence the course is the most favorable. if the winc
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changes but slightly, the distancs :el;tive tc the wind will nct
be weterially increassd. For extreme changes of the cide wind
this may “e different, but the navigator cannot kunw in genewal in
what vay tre 7ird is going to change; the protavillty tiat 1t ze-

maing conustant 1

n

greater than any other, and any other cssuampriion
is in wost cases gulte avbltrary. The case of consilany wind is

the n

(')

3t ir

'r{~5

wrvent ore and simplest, therefore, and siould e
discussed,
In clear weather the navigator is well able To dsceermine the
sclute courss. Over land e can observe the r2lative motion of

ovjects or liyg ts, and over sca he can drop down oy flcating and

4
\

visicle otject, luminous at night, and observe it. The flna*ting
object assumes ths velocity of the water and does rot ator 2% 1oz

woe abgeolutely, 1% is true; but the motion of watzsr is sarll
when coupersd with the speed of the airship and is norecver Fnowva
in rany cases and can ve taksn into consideration. I the alir is

fogzy, however, the metl.cd of observing cobje zte orneath the alrsiip

(S

s no longer rossible. It may be that tre »ievicus maehod con e

raplacsd tonen by other retaods, astronomiczcal. if the 3ky is visi-

Now let the "Speed" V, denote the velocity of taz airsllip with
regyect to the alr, as measuved by the syeed neter. The coupo-
nents of this speed »navellcl znd at ripht angle tc the =ziscluvte
zourse may be dencited V, and V5. The absolute —ind welocity wav

oe denoted by W and may be resolved into ithe twe componsats W



tnr *he a*sc-

n

2long the course, . the cide vind, at oigat engle

lute course.

Fig. 1.

1% can easily be szon thet she condition for keeping the avsclute
covres ig V., 4+ VW, = Q; that is to say, that trhz sresd ot right
angle to the course has to ve ejual and cprosite te the side wind,

The qusstion of the absolute side sreed is thus settled and I rrn-

(@]

e2d to thz chief problem, that is the ragaitude of the spezd of

N

C
he zairskhip,

+
3

The favorable spsed of an airship is chiefly determined by
the conditior of the least consurmption of fuel per unit of iravel-
2d distance, olthovgh other conditions come into rlav. The result-
irg rules depend on the character of the wind; whetner it is faver-
able, that is nearly in the direction of travel, side wind or corn-

trary wind, and they depend on the variability of the efiiziency
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cf *the sngine-propailer units. Witk raspect to this last consid-
eration iwo maln casesz ave to be distinguished.

v

Withir a wicde zengs of speed the efficiency can “e sUrpes

0

to De practically cen=iant, In this case the consumption of fuel

per unit of time is proportional to the cube of the spsed, that

is, proportionul to (V.2 + W 2)3/2 and the traveled distance
1 2

éuring this time is (V, + W,). Hence the consumpiion per unit

V.2 4 W,2) 378
( ew) . In this

T L™
\1 + V0

expression W, and Vi, are the two components of the wind and are

of traveled diatence is prorxortional to

therefore given; the only variable is then V,. The condition of
th: minimum consumntion per unit of traveled distance is that the

differential quctient with rsspect to this variable is zero, that

is

. a/=z 2 ! 1/ /2
a (02w s e WAV, v - (2w
av, V, + W, (Vy + Wy)®

7,% 4 ’3 v, W, - ;zL .2 = 0
TR 9
o z Vim 2
Jeo = -~ 2 W, + /“ + — W
> 4" =/ 2 18 !

The expression is still too complicated for vractical aprplication.
Considering that the constancy of the effiziency is only approxi-
mate, that the wind components are variable toc, and never exachtly

inevm, that moreover fthe oonsumpticon In the relghiberncood of its



minirum ia hardly noticeebly increased, the sxpression may e

simplified witlout diminidhing the uvsefulness of tre result. Ths

w
pus

implification cousists irn replacing 1/2 the facior of the fir
L
tere under the radical by /16, thus incre as’ng tle value of the

33u2Te oot by soune percent.

T — 3“!’ 3,___'— T
Vl-—'—z .1‘};1-W—i(j:.-—.fl)

17 thz side wind ig fe=ble, V, is practisally tre velocity 7,

and Wy may be replacsd by T, Sc that

u W

> ICIJ
+
&

Tuere are twe cases, therefore, to be considered:

i

5 Vo= 21 - 8 =
‘ 4

Qe

Hence V has a negative value, i.e,, it i3 a contrary winad;
and the most farorable sneed of the airsuip is thres ralrves of
this contrary wind. This makes the speed of the airshir over the

garth cne-half the‘ma ritiuide of the wind.

W=20

[AV]

<<}

il

i

=

+
W Jo

.t

ir
in the directicn of ths/ehip's course, and

[N
[44]

Hence tae wind
coviously, the most economical rrocedure would be not to consume
zny fuel, which is 7hat V = 0 means. The speed over the earth
is tien simply the sresd of the wind,

If, on the other hand, the wind is not strong, out on the
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~hole is a coatrary cre, we canrot neglaoh the side wiad,

{1 oY
A ]

'\‘T: =

=

i.e., the velocity stould be three-Iourths of th2 sum of the mag-
r.itude of the =ird ard the contrary vwind.

Gonsider as the second assurvition, that vhe efficlency is

rot cong*art, but, as is approximatcly the caxe at cuxl

o

as,

>

[

see

that the efficiency is wropsortional to the sneed V. The specif

[

C

and the minimum condition is now

gL (v, + W) - (V,® +T.2%) =0

V.2 4 2V, W, - W2 = 0

Tithout ary side wind the most favorable spsed has to be twice
that of the contrary wind. The expression differs from ths cre
ootained before only by o factor; it is 4/3 timss as great. The
general clLaracter of the condition remains as before.

I+ ig unnecassary to calculate the condition for rore cases.

Obviously, for a swmaller variability o7 the sfficiency, the factor

can pve %aken between .75 and 1. It is nect necsssary %o have the



zhsolute winimum. nor is She varlability known exachliy enovgn in
ever sinzle case. And sven if it were so, the ravigator has nc
RIEVN

3 P - - 2 L3 s — & . -~ 3 P . - ", .
ima +o saloulate the spead with long formmuvlas ond with the Mma2ln

f 2 calculetion machine. I wish simply tc give him a I=itly sim-
pls rule which e can ke2p in mind, end which vill give Lim a rnint
as to the right speed. For the application of the resulis it Is
only left to decide down to what speed the efficiency can be ccn-
sidered to be constant. With the usval propeilers and under cT-
dinary present ccnditions, 65 mi/hr nay be considered to te the
lowar limit. ror lover speed, the guick arrival at the destina-
tion rather than a small consumption of fuel becomes more and mcTe
the consideration of the pilot. 50 wi/hr may be the absolute mwin-
imum spe=d; that depends on the circumstances. The following
rules result from the investigation thus finished:

I. Always keep the shsolute course and steer at such an angle

with reference :“ﬁt as tc neutralize the side wind.

II. Strong ¢ é'ny wind. Take a speed 1-1/2 times the veloc-
ity of the wind.

1i1. Gereral Tule. Take *he velocity of the wind and the veloc-
ity of the course component of the wind. Add them togetker if the
=ind has a contrary comwonent, but subtract thern from each other
if tre wind has a favorable component. This sum or difference de-
termines the sreed of the airship relative to the air %o be chosen.
(a) The sum or difference exceeds 86 mi/hr. Choose the

speed 3/4 of it.
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e am or Aifferznce L& smalusr Toan oo wILT.

(e) Tz

-

not chanose the speed smallsz trhan 1T; the sum oT
dirfersnce gives directly the spesd 20 smallest

consumption of fuel,

Te
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